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Vulnerability of SF Bay

Background
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Rising Risk: The Vulnerable Estuary

4

San Francisco Bay Under Pressure: Bay Area faces a perfect storm
• Sea level projected to rise 1-6 feet by 2100 (CA SLR Guidance 2024)
• Intensifying atmospheric river events (Wang et al., 2023)
• $150 billion in property at risk by 2100 (Barnard et al., 2019)
• Critical infrastructure vulnerability (airports, highways)
• Environmental justice concerns in low-lying communities
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The San Francisco Bay-Delta Community Model
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Development of Modeling Framework
Delft3D modelling of San Francisco Bay-Delta 
goes back to 2006 as part of USGS-Deltares 
science collaboration that goes back to ~2000

Delft3D FM is open-source and trusted by 
30,000+ members worldwide from academia to 
consultancy

CASCaDE: Computational Assessments of 
Scenarios of Change for the Delta Ecosystem
• Impact of climate change scenarios on San 

Francisco Bay-Delta eco-system with a 3D 
model (water quality, eco-systems, etc)

• Funding: 8 MUSD funded by CalFed and 
USGS (2011-2016)
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Faster Alternative: Still Water Level Model
Relevant engineering-scale features included 
and scientifically peer-reviewed paper in 
Nederhoff et al. (2021)

Used operationally for forecasting of high-
water levels by NOAA and USGS as part of 
the AQPI project

Model domain covers SF Bay and Delta and 
can thus be used for regional studies

1D-2D hydrodynamic model with subgrid
features for efficient and accurate model 
simulations (RMSE of ~3 inches)

Reanalysis dataset by Deltares USA and 
ACFCD to perform 70-years of continuous 
simulation for a robust estimate of extreme 
values and return periods statistics 8The San Francisco Bay-Delta Community Model  - State of the San Francisco Estuary  - October 28, 2025



Community Engagement: Launch of Online Platform
Community Platform: www.d3d-baydelta.org

The community model concept creates a 
standard model setup for everyone in which 
models and software are available free of 
charge
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Community Platform: Content
1. Download the Model: 

grid, geometry, offshore boundary conditions, 
discharges, and wind forcing for WY1941-2024

2. Download processed model results:
processed model results for 1244 points across 
the SF Bay for WY1941 - WY2024 (to use data 
without running model)

3. Download extreme, still, and total water level:
includes shapefiles and analysis results across 
the SF Bay

Third parties can run, amend, copy, and distribute this SFBD-
SWL and other SFBD Community Models under a Creative 
Commons Attribution-Share Alike 4.0 International License
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Grid resolution scales with bathymetry
• 200m in Pacific to 50m in Baylands and 

slough system (up to 20m elevation)
• grid in Delta aligned with channels, and 

includes floodplains

Compound topo-bathymetry based on 
multiple public sources
• national and state DEMs to local LiDAR
• levees included with varying crest height

Offshore boundary
• Tides and Sea Level Anomaly
Meteorological forcing
• Wind and pressure from ERA5 (reanalysis)
Discharges
• Observations from USGS’ NWIS
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Model Update: Overview of Components



Model Update: Validation of Still Water Levels

The San Francisco Bay-Delta Community Model  - State of the San Francisco Estuary  - October 28, 2025 12

Fremont

RMSE of Still Water Levels Water levels in slough system

Water levels during storm event in WY2023

• Good model skill in Bay, Delta and at open coast
• Reasonably good skill in upstream creeks and 

sloughs, considering model grid resolution (50m)



Model Update: Validation of Tides
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RMSE of SWL
in South Bay

• Tidal amplification in Bay and damping in slough system
• Riverine influences take over (discharge events)



Hard, Soft, and Hybrid Approaches 
for San Francisco Bay

Quantifying Flood 
Mitigation Strategies 
Under Sea Level Rise

Kees Nederhoff
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From Modeling Framework to Adaptation

• Bridging Science and Action: 
• The open-access Community Model enables scenario testing for adaptation strategies

• Three Pillars of Resilience:
• Wetland Restoration:   nature-based buffering and carbon co-benefits
• Shoreline Hardening: engineered protection of critical assets
• Hybrid Solutions:   combining structural defenses with ecological restoration

• Objective: 
• Quantify how these strategies mitigate water levels under sea level rise scenarios
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How do the extremes change?
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Want to learn more?

• Read the recent publication
• Nederhoff, K., Saleh, R., Barnard, P., & Stacey, M. (2025).
• “Mitigating Flood Risks in Urban Estuaries: Tidal Dynamics, Shoreline Hardening, 

Nature-Based Solutions, and Floodgates in San Francisco Bay.”
• ASCE Journal of Waterway, Port, Coastal & Ocean Engineering. 

https://doi.org/10.1061/JWPED5.WWENG-2342

• Explore results, datasets, and open models
• Go to website www.d3d-baydelta.org
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A Case Study at Eden Landing, 
San Francisco Bay

Morphological Model 
for Tidal Wetland 
Restoration

Kees Nederhoff
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Project Motivation and Study Area
Eden Landing Ecological Reserve 
• ~8,000 acres 
• South-eastern shore of the San Francisco Bay

Lands acquired by California Department of Fish and Wildlife 2003

Part of the South Bay Salt Pond Restoration Project 
(https://www.southbayrestoration.org/)
• Habitat restoration
• Flood management
• Wildlife-oriented public access
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Model setup
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Model application: comparison of current situation 
versus a frontal opening at SF Bay
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Computed change in ~50 years with SLR
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Future Modeling Efforts

Next Steps
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Next Steps for Community Model

• Publication of Updated SWL Model and Reanalysis
• Nested High-Resolution Model of Lower South Bay
• Wave Model with Downscaled Wind Forcing
• Development of Subregional Groundwater Models
• Online Coupling of Flow, Wave and Groundwater Models
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linkedin.com/company
/deltares-usa-inc

www.deltares-usa.us

Thank you for your attention!
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Kees Nederhoff

(301) 642-2415

stendert.laan@deltares-usa.us

Stendert Laan

(240) 461-3474
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